SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT I, Yasunori Toda, a citizen of 
Japan residing at Kawasaki, Japan have invented certain new 
and useful improvements in 

CONTINUOUS MEDIUM FOLDING DEVICE AND CONTINUOUS MEDIUM 
PRINTING APPARATUS HAVING THEREOF 

of which the following is a specification : - 



TITLE OF THE INVENTION 

CONTINUOUS MEDIUM FOLDING DEVICE AND 
CONTINUOUS MEDIUM PRINTING APPARATUS HAVING THEREOF 



5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a 
continuous medium folding device, and particularly 
relates to a continuous mediiam folding device for 
10 folding a printed continuous medium along 

transversal perforations using a swing arm such that 
the continuous medium is accordion-f olded. 

2 . Description of the Related Art 

Among various types of printers such as an 
15 electrophotographic printer, a continuous medium 
printing device is known as a printer which can 
print marks on a continuous medium. 

The continuous medium printing device 
includes a hopper where the continuous medium is 
2 0 stored and a stacker in which the continuous medium 
is received. The continuous medium printing device 
pulls out the continuous medium from a stacker, 
prints marks on the continuous medium and 
accommodates the printed continuous medium in the 

2 5 stacker. The above-described continuous medium 

folding device is provided at the stacker. The 
swing arm swings right and left such that the 
printed continuous medium is accordion-f olded along 
transversal perforations . 

3 0 Recently, there is a need for a higher 

throughput for a printing operation. In order to 
meet such a need, it is required to increase a 
transportation speed of the continuous medium. Thus, 
it is required to operate the swing arm at an 
3 5 increased swinging rate. 

On the other hand, the continuous medium 
to be printed may be provided in various thicknesses 
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depending on the use. For example, it may be 
required to send the continuous medium separated at 
transverse perforations using a postal service. In 
such a case, in order to reduce the weight of the 
5 postal matter, the continuous medium must have 

reduced thickness. However, it is known that the 
stiffness of the continuous medium reduces as the 
thickness of the continuous medium is reduced. Thus, 
since the continuous medium with reduced thickness 

10 easily bends during the folding operation, a high 
reliability folding cannot be guaranteed. This is 
particularly the case where the processing speed of 
the device is increased. 

Accordingly, there is a need for a 

15 continuous medium folding device which can securely 
fold continuous medium of reduced thickness while 
the swing arm is operated at a high swinging rate. 

Fig. 1 is a schematic diagram showing a 
continuous medium folding device 10 of the related 

2 0 art. The continuous device 10 includes a continuous 
medium swaying mechanism 30 provided at a central 
position above a stacker table 2 0 and continuous 
medium fold-line pressing mechanisms 40 and 50 
provided at an X2-side and Xl-side, respectively, 

2 5 above the stacker table 20. 

The continuous medium swaying mechanism 30 
includes a hollow swing arm 31 through which a 
continuous medium 1 is guided and a swing mechanism 
(not shown) for swinging the swing arm 31 in Al- and 

3 0 A2 -directions , 

The continuous medium fold-line pressing 
mechanism 40 includes a flap 41 and a mechanism (not 
shown) for pivoting the flap 41 in Bl- and B2- 
directions in a reciprocating manner. The 
3 5 continuous medium fold-line pressing mechanism 50 
includes a flap 51 and a mechanism (not shown) for 
pivoting the flap 51 in Bl- and B2-directions in a 



reciprocating manner. 

The swing arm 31 swings in the Al- and A2- 
directions about an axis 32 at a rate corresponding 
to a feeding speed of the continuous medium 1 fed in 
a direction shown by an arrow Z2. The swing arm 31 
uses its tip part 31a to support and direct the 
continuous medium 1 towards the table 20 and sway 
the continuous medium 1 alternately in the XI- and 
X2-directions . In this manner, the continuous 
medium 1 is folded at a constant width. The flaps 
41 and 51 are pivoted alternately in synchronous 
with the swinging rate of the swing arm 31, so as to 
press the fold lines 12 and 13 of the continuous 
medium 1 . 

Accordingly, the continuous medium 1 is 
folded along the transverse perforations 4 into an 
accordion-like configuration and is received on the 
stacker table 20. Reference 5 represents an 
accordion-folded continuous medium which is received 
on the stacker table 20. 

When the swing arm 31 swings in A1-A2 
directions and the continuous medium 1 is swayed, a 
higher pressure is produced on the front side of the 
continuous medium 1 and a lower pressure is produced 
on the back side. The terms "front" and "back" are 
defined in the direction of sway of the continuous 
medium 1. The difference in the front-side pressure 
and the back-side pressure causes a bending force of 
the continuous medium 1 . 

When the continuous medium 1 of thin 
sheets is used, the stiffness of sheet is small. 
Therefore, the above-described bending force becomes 
greater than the stiffness of the sheets. Thus, the 
continuous medium 1 will be bent as shown by 
reference 15 and will not be folded normally. This 
may cause an unacceptably bad folding. 

A trajectory 300 of a tip part 31a of the 
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swing arm 31 becomes an arc of a circle centered on 
the axis 32. Therefore, particularly, when the 
swing arm 31 is swayed through to the right and left 
end positions, the tip part 31a leaves the top 
5 surface 6 of the stacked continuous medium 5 and the 
length of the continuous medium 1 protruding from 
the tip part 31a of the swing arm 31 becomes 
greatest. Therefore, the bend 15 of the continuous 
medium 1 may occur when the swing arm 31 is swayed 

10 and reaches near the right or left end positions. 

In order to prevent the occurrence of the 
bend 15 of the continuous medium, it is desirable to 
minimize the distance between the tip of the swing 
arm 31 and the top surface 6 of the stacked 

15 continuous medium 5. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide a continuous medium 
2 0 folding device which can solve the problems 
described above. 

It is another and more specific object of 
the present invention to provide a continuous medium 
folding device which can prevent bending of the 

2 5 continuous medium even in case of a continuous 

medium having a reduced thickness . 

In order to achieve the above objects, a 
device for folding continuous medium is provided, 
which includes a swing arm pivotable about an axis 

3 0 at one end of the swing arm, the continuous medium 

being guided by said swing arm and accordion-folded 
with equal widths as a result of the swinging 
operation of the swing arm. The swing arm has a 
telescopic structure for varying the length of the 
3 5 swing arm over a range of a swing of the swing arm. 

With the continuous medium folding device 
described above, the distance between the tip of the 
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swing arm and the tip surface of the continuous 
medium is kept short. Therefore, the continuous 
medium can be reliably guided to the table where it 
is folded along the fold lines . In other words , the 
5 length of the part of the continuous medium 

supported by the swing arm is increased and thus the 
wind pressure exerted on the continuous medium is 
also reduced. Accordingly, the continuous medium 
can be properly folded without causing any bend even 
10 in a case where a thin continuous medium is used. 

Further, the present invention provides a 
continuous medium printing apparatus provided with 
the continuous medium folding device described above. 

15 BRIEF DESCRIPTION OF THE DRAWIMGS 

Fig. 1 is a diagram showing a continuous 
medium folding device of the related art. 

Fig. 2 is a perspective view of an 
electrophotographic printer adopting a continuous 
2 0 medium folding device of an embodiment of the 

present invention, shown with a part of its cover 
being removed . 

Fig. 3 is a schematic diagram showing the 
electrophotographic printer of Fig. 2. 

2 5 Fig. 4 is a schematic diagram showing a 

continuous medium folding device of an embodiment of 
the present invention. 

Fig. 5A is a perspective diagram showing a 
continuous medium swinging mechanism of the 
30 continuous medium folding device shown in Fig .4. 

Fig. 5B is a perspective diagram showing 
the continuous medium swinging mechanism of Fig. 5A 
viewed in a different direction. 

Fig. 6 is a side view of the continuous 

3 5 medium swinging mechanism of Fig. 5A viewed from the 

X2 side. 

Fig. 7 is a side view of the continuous 



medium swinging mechanism of Fig, 5A viewed from the 
XI side. 

Fig. 8 is an enlarged cross-sectional view 
of the continuous medium swinging mechanism along 
5 line VIII-VIII shown in Fig. 6. 

Fig. 9 is a side view of the continuous 
medium swinging mechanism in a state where a swing 
arm has reached to point Pi . 

Fig. 10 is a side view of the continuous 
10 medium swinging mechanism in a state where the swing 
arm has reached to point PO-1. 

Fig. 11 is a side view of the continuous 
medium swinging mechanism in a state where the swing 
arm has reached to point PO-2 . 
15 Fig. 12 is a side view of the continuous 

medium swinging mechanism in a state where the swing 
arm has reached to point P2. 

Figs. 13A to 13D are diagrams for 
explaining an operation of the continuous medium 
2 0 swinging mechanism. 

Figs. 14A to 14D are diagrams showing a 
folding operation of the continuous medium. 

Fig. 15 is a first portion of a flowchart 
of an operation of the control circuit shown in Fig. 

2 5 4 while folding the continuous medium. 

Fig. 16 is a second portion of a flowchart 
of an operation of the control circuit shown in Fig. 
4 while folding the continuous medium. 

Fig. 17 is a third portion of a flowchart 

3 0 of an operation of the control circuit shown in Fig. 

4 while folding the continuous medium. 

Fig. 18 is a fourth portion of a flowchart 
of an operation of the control circuit shown in Fig. 
4 while folding the continuous medium. 
35 Figs. 19A to 19E are diagrams for 

explaining an operation for preventing an occurrence 
of jamming of the continuous medium folding device. 



Fig. 20 is a flow chart showing an 
operation for preventing an occurrence of jamming 
which is implemented by the control circuit. 

Fig. 21 is a diagram showing a first 
variant of the continuous medium swinging mechanism. 

Figs. 22A and 22B are diagram showing an 
operation of the mechanism shown in Fig. 21. 

Fig. 23 is a diagram showing a second 
variant of the continuous medium swinging mechanism. 

Figs. 24A and 24B are diagram showing an 
operation of the mechanism shown in Fig. 23. 

Figs. 25A and 25B are diagrams showing a 
variant of an erroneous operation detection during 
folding of a continuous medium. 

Figs. 26A to 26E are diagrams for 
explaining an operation of a variant of a device for 
preventing an occurrence of jamming. 

Fig. 27 is a flowchart showing an 
operation for preventing an occurrence of jamming 
which is implemented by the control circuit. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, principles and 
embodiments of the present invention will be 
described with reference to the accompanying 
drawings . 

Firstly, for the sake of convenience of an 
explanation, an electrophotographic printer 60 
adopting a continuous medium folding device of the 
present invention will be described with reference 
to Figs. 1 and 2. In the figures, a double headed 
arrow X1-X2 shows a direction of the width, Y1-Y2 
shows a direction of the depth, and Z1-Z2 shows a 
direction of the height. The Y2 side is the front 
side of the electrophotographic printer 60 and the 
Y2 side is the back side of the electrophotographic 
printer 60. 



The electrophotographic printer 60 
includes a hopper unit 62, a tractor unit 64, a 
printing unit 65 and a stacker unit 67. The hopper 
unit 62 receives a continuous medium box 61 for 
5 accoiranodating a continuous medium 1 folded in an 
accordion-manner. The continuous medium 1 may be 
made of a sheet-like material such as paper. The 
tractor unit 64 pulls out the continuous medium 1 
from the continuous medium box 61 which serves as a 

10 continuous medium accommodating part and feeds it in 
the direction of an arrow 63 . The printing unit 65 
prints marks on the continuous medium 1 fed from the 
tractor unit 64 . The printed continuous medium is 
fed in the direction of an arrow 66. The stacker 

15 unit 67 accommodates the printed continuous medium 
which is folded in an accordion-manner. 

The printing unit 65 includes a photo- 
sensitive drum 70 rotating in a clock-wise direction, 
an optics part 71 provided on a peripheral part of 

2 0 the photo-sensitive drum 7 0 and a fixing unit 72 for 
fixing an image transferred onto the continuous 
medium 1 onto the continuous medium 1 . Around the 
photo-sensitive drum 70, a pre-charging part 73, the 
optics part 71 for forming a latent image 

2 5 corresponding to record information onto the photo- 

sensitive drum 70, a developing part 74 for 
developing the latent image, a transfer part 75 for 
transferring the image on the photo-sensitive drum 
7 0 onto the continuous medium 1, a cleaning part 76 

3 0 and an electric charge removing part 77. 

The stacker unit 67 is provided with a 
continuous medium folding device 80 shown in Fig. 4. 
The continuous medium folding device 80 includes a 
continuous medium swaying mechanism 90 provided 
3 5 above the central part of the stacker table 68 and 

continuous medium fold-line pressing mechanisms 130, 
140. The continuous medium swaying mechanism 90 



-9- 



sways the continuous medium in the direction of the 
width of the folds. The continuous medium fold-line 
pressing mechanisms 130, 140 temporarily press parts 
of the folded transverse perforations 12, 13. 
5 Firstly, the continuous medium swaying 

mechanism 90 will be described. 

The swing arm of the related art 
rotationally swings about an axis. Therefore, when 
the swing arm of the related art swings in the 

10 direction of the width of the folds of the 

continuous medium, the distance between the tip of 
the swing arm and the top surface of the continuous 
medium of the table becomes greater at extreme 
positions of the swing range. If the length between 

15 the axis and the tip of the swing arm is extended, 
the tip of the swing arm comes closer to the top 
surface of the continuous medium on the table. 
Therefore, the distance between the tip of the swing 
arm and the top surface of the continuous medium of 

2 0 the table becomes smaller. In order to fold the 
continuous medium 1 in a stable manner, it is 
preferred to keep this distance smaller. 
Accordingly, the continuous medium swaying mechanism 
90 is configured such that the distance between the 

2 5 tip of the swing arm and the top surface of the 

continuous medium mounted on the table remains small. 

As shown in Figs. 5A, 5B, 6 and 7, the 
continuous medium swaying mechanism 90 is configured 
such that its length varies as it swings right and 

30 left (i.e., in the X1-X2 direction) and includes 

elements such as a swing arm 91, a swing-operation 
motor 103 and an telescopic operation motor 123. 

The swing arm 91 has a telescopic 
structure including elements such as an arm main 

35 body 92 and a sub-arm 110. With such a telescopic 

structure, the length of the swing arm can be varied 
over a range of a swing of the swing airm. 
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The arm main body 92 includes shaft 
members 93 and 94 aligned along the Y1-Y2 direction 
with a separation between them and two rectangular 
plate members 95 and 96 fixed to the shaft members 
5 93 and 94 such that the shaft members 93 and 94 are 
interposed between the plate members 95 and 96. The 
shaft members 93 and 94 are supported by side- 
surface plates 97 and 98 of the stacker unit 67 at 
bearings 99 and 100, respectively. Thus, the shaft 
10 members 93 and 94 are movable in the A1-A2 direction 
in an oscillating manner. Between the plate members 
95 and 96, The arm main body 92 is provided with a 
passage 101 through which the continuous medium 1 is 
fed. 

15 The swing operation motor 103 which is a 

pulse motor is fixed on a bracket 102 fixed on the 
side-surface plate 97. The swing operation motor 
103 is directly coupled to the shaft member 93 via a 
coupling 104. The swing operation motor 103 is 

2 0 provided with a swing arm home position detecting 

mechanism 104 for detecting home position PO of the 
swing arm 91. 

Home position PO of the swing arm 91 is a 
position where the swing arm 91 extends towards the 

2 5 Z2-direction. 

The swing arm home position detecting 
mechanism 104 includes a notched disk 105 fixed to 
the shaft of the motor 103 and a photo-coupler 106 
for detecting a notch 105a of the disk 105. 

3 0 The sub-arm 110 is an auxiliary arm for 

the arm main body 92 and can be extended and 
retracted in a telescopic manner between the 
retracted position POl and the extended position P02 
extending towards the Z2-direction shown in Fig. 7. 
3 5 The sub-arm 110 swings with the arm main body 92. 

The sub-arm 110 has a structure that two 
plate members 111 and 112 are fixed by a screw 114 
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with a collar member 113 interposed between end 
parts in its longitudinal direction. The sub-arm 
110 substantially surrounds the outer surface of the 
arm main body 92 and is guided by four guiding 
5 mechanisms 115 so as to be movable in the Z1-Z2 
direction with respect to the arm main body 92 . 
Thus the swing arm can be extended and retracted. 
As shown in the enlarged view of Fig. 8, the guiding 
mechanism 115 includes an inner rail 116, an outer 

10 rail 117 and a ball 118. A rack 119 is fixed on the 
plate members and engages with a pinion 120. The 
pinion 120 is supported on an inner side of the 
side-surface plate 97 by the bearing 121 so as to be 
coaxial with the shaft member 93. 

15 When the swing arm 91 swings in the Al- 

direction, an edge part 112a in the Z2-direction of 
the plate member 112 presses and supports the 
continuous medium 1 and when the swing arm swings in 
the A2-direction, an edge part 111a in the Z2- 

2 0 direction of the plate member 111 presses and 

supports the continuous medium 1. When the swing 
arm 91 swings, the edge parts 111a and 112a traces a 
trajectory 301 shown in Fig. 7. The trajectory 301 
is more linear compared to an arc 302 of a circle 

2 5 centered on the shaft 93. 

The telescopic operation motor 123 is 
fixed on a bracket 122 fixed to the side-surface 
plates 97 . A gear 124 is fixed on the telescopic 
operation motor 123. The gear 124 engages with the 

3 0 pinion 120. 

The telescopic operation motor 123 is 
provided with a sub-arm home position detecting 
mechanism 125 for detecting home position POO of the 
sub-arm 110. 

3 5 Referring to Fig. 5B, home position POO of 

the sub-arm 110 is a position in the middle of the 
retracted position POl and the extended position P02. 
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The sub-arm home position detecting 
mechanism 125 includes a notched disk 126 fixed to 
the shaft of the motor 123 and a photo-coupler 127 
for detecting a notch 126a of the disk 126. 
5 The swing operation motor 103 and the 

telescopic operation motor 123 are associated with 
each other and are driven in a reciprocating manner 
such that the continuous medium swaying mechanism 90 
of the above-described structure operates as shown 

10 in Figs. 9-12, 13A-13D and 14A-14D. 

Fig. 13A shows a swing of the swing arm 91 
in the A1-A2 direction and Fig. 13B shows an output 
of the swing arm home position detecting mechanism 
104. Fig. 13C shows a manner in which the sub-arm 

15 110 is extended and retracted and Fig. 13D shows an 
output of the sub-arm home position detecting 
mechanism 125, Figs. 14A to 14D show various steps 
of an operation of the continuous medium swaying 
mechanism 90 and the continuous medium folding line 

2 0 pressing mechanism 130, 140, Fig. 14A shows an 
initial state. 

The swing arm 91 firstly reaches its home 
position PC as shown in Fig. 4 and then, starting 
from this home position PO as a reference position, 

2 5 moves to the initial position PI corresponding to 

the sheet folding length as shown in Figs . 9 and 14A 
(see Fig. 13A, time period between time tO and t3 . ) 
Then, the swing operation motor 103 is driven in a 
reciprocating manner at predetermined speed. The 

3 0 swing arm 91 starts the swinging operation at a 

predetermined period over a predetermined region. 
As shown in Figs. 9 to 12, the swing arm 91 swings 
between positions Pi and P2 in the A1-A2 direction. 
The swinging operation of the swing arm 91 is 
3 5 performed while determining whether the swing is 

properly performed by detecting the passage of the 
swing arm 91 through home position PO and by 
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monitoring time period Ta between the previous time 
t6 and the current time t9 shown in Figs. 13A and 
13B. 

The sub-arm 110 firstly reaches its home 
5 position POO as shown in Fig. 13C and then, starting 
from this home position POO as a reference position, 
moves to the extended (initial) position P02 
determined by the thickness of the continuous medium 
1 (see Figs. 9 and 13C, time period between time tl 

10 and t3.) Then, the telescopic operation motor 114 

is driven in a reciprocating manner at predetermined 
speed. As shown in Fig, 13C and Figs. 9 to 12, the 
sub-arm 110 starts a swinging operation between the 
retracted position POl and the extended (initial) 

15 position P02. 

As shown in Fig. 7, as the swing arm 91 
passes home position PO, the sub-arm 110 reaches to 
the retracted position POl. As shown in Figs. 9 and 
12, when the swing arm 91 reaches to positions PI 

2 0 and P2 , the sub-arm 110 reaches to the most extended 
position P02. As shown in Fig. 10, when the swing 
arm 91 passes an intermediate position PO-1 between 
home position PO and position PI, the sub-arm 110 
passes home position POO. As shown in Fig. 11, also 

2 5 when the swing arm 91 passes an intermediate 

position PO-2 between home position PO and position 
P2, the sub-arm 110 passes home position POO. 

The swinging operation of the sub-arm 110 
is performed while determining whether the swing is 

3 0 properly performed by detecting the passage of the 

sub-arm 110 through home position POO and by 
monitoring time period Tb between the previous time 
t5 and the current time t7 shown in Figs. 13C and 
13D. 

3 5 The swing arm 91 and the sub-arm 110 

operates in a synchronizing manner by monitoring 
time periods Tc and Td between times t5, t7 , 
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respectively, at which the sub-arm 110 passes home 
position POO and time t6 at which the swing arm 91 
passes home position PO (see Figs. 13A to 13D, time 
period between time t5 and t7) . 
5 In the present embodiment, the continuous 

medium 1 is fed downwardly through the arm main body 
92 and through the passage 101 in the sub-arm 110 
and proceeds to the stacker table 67. As shown in 
Figs. 14A to 14D, the continuous medium 1 is swayed 
10 in the X1-X2 direction by the sub-arm 110 provided 
at the tip of the swing arm 91 and is accordion- 
13 folded onto the stacker table 68. 

% Here, as shown in Figs. 14A and 14C, when 

the swing arm 91 swings, the sub arm 110 moves so as 

H 15 to protrude from the tip of the arm main body 92. 

g Accordingly, the swing arm 91 is extended. When the 

swing arm 91 swings, the edge parts Ilia, 112a form 
a trajectory approximated as the straight line 

L* indicated by reference 301 in Fig. 7, while 

If 2 0 maintaining a small distance against the top surface 

6 of the continuous medium 5 which is folded and 
stacked on the stacker table 68. Thus, the edge 
parts 111a and 112a supports positions near the 
transverse perforations 4 of the continuous medium 1. 

2 5 Accordingly, an area of a part 16 not supported by 

the sub-arm 110 and thus subjected to a wind 
pressure becomes small and a bending force on the 
protruded part of the continuous medium 1 also 
becomes small. As a result, even when the thickness 

3 0 of the continuous medium 1 is smaller than the 

conventional continuous medium, the continuous 
medium 1 will not be bent as shown in Fig. 1 but 
will be folded at the positions of the perforations 
4 as indicated by reference 17. 
35 Referring now to Fig. 4, the continuous 

medium fold line pressing mechanisms 130, 140 will 
be described. 
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The continuous medium fold line pressing 
mechanism 130 includes a flap 131, a pulse motor 132 
for moving the flap 131 in a reciprocating manner 
between home position POOO and position POOl and a 
5 flap home position detecting mechanism 133. 

Home position POOO of the flap 131 is a 
position where the flap is held at an angle upwardly. 
Position POOl is a position where the flap 131 is 
held horizontally and presses the fold line 12 of 
10 the continuous medium . 

The flap home position detecting mechanism 
;p 133 includes a notched disk 134 fixed to the shaft 

of the motor 132 and a photo-coupler 135 for 
Q detecting a notch 134a of the disk 134. 

i|l 15 The continuous medium fold line pressing 

j=f mechanism 140 has the same structure as the above- 

described continuous medium fold line pressing 
mechanism 130. The continuous medium fold line 
pressing mechanism 140 includes a flap 141, a pulse 
2 0 motor 142 for pivoting the flap 141 in a 

reciprocating manner between home position POOOO and 
position POOOl and a flap home position detecting 
mechanism 143. The flap home position detecting 
mechanism 143 includes a notched disk 144 fixed to 

2 5 the shaft of the motor 142 and a photo-coupler 145 

for detecting a notch 144a of the disk 144. 

Normally, the flaps 131 and 141 takes home 
positions POOO, POOOO where they are held at an 
angle upwardly such that the fold lines 12 and 13 of 

3 0 the continuous medium can be accommodated under the 

flaps 131 and 141. 

As shown in Figs. 14A and 14B, when the 
swing arm 31 completes its movement in the Al- 
direction and starts a reverse movement in the A2- 
3 5 direction, the pulse motor 132 is initiated such 

that the flap 131 is pivoted in the Bl-direction up 
to position POOl and presses the fold line 12 of the 
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continuous medium. Immediately after this, the 
pulse motor 132 is driven in a reverse manner such 
that the flap 131 is pivoted in the B2-direction and 
brought back to its home position POOO. As shown in 
5 Fig. 14C and 14D, when the swing arm 31 completes 
its movement in the A2 -direction and starts a 
reverse movement in the Al-direction, the pulse 
motor 142 is initiated such that the flap 141 is 
pivoted in the Cl-direction up to position POOOl and 

10 presses the fold line 13 of the continuous medium. 
Immediately after this, the pulse motor 142 is 
driven in a reverse manner such that the flap 141 is 
pivoted in the C2-direction and brought back, to its 
home position POOOO. Thus, the pulse motors 132 and 

15 142 are alternately driven so as to be in 

synchronous with the reciprocating pivotal movement 
of the swing arm 31, such that the flaps 41 and 51 
are alternately pivoted and presses the fold lines 
12 and 13 of the continuous medium as shown in Figs . 

2 0 14A to 14D. 

As shown in Figs. 4, 5A and 5B, distance- 
measuring sensors 151 and 152 are provided on outer 
surfaces of the plate members 111 and 112, 
respectively, of the sub-arm 110. The distance- 

2 5 measuring sensors 151 and 152 are provided near the 

edge parts 111a and 112a of the outer surfaces of 
the plate members 111 and 112, respectively. The 
distance-measuring sensors 151 and 152 emit light in 
a direction beyond the tip of the swing arm 91, 

3 0 detect light reflected at the sheet and measure the 

distance between the tip of the sub-arm 110 to the 
sheet. The distance-measuring sensors 151 and 152 
are connected to a distance sensor circuit 154 vie a 
switching circuit 153 . 
35 Also, as shown in Fig. 4, the continuous 

medium folding machine 80 is provided with an 
elevating mechanism 160 for vertically moving the 
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stacker table 68. The stacker table elevating 
mechanism 160 is driven by a motor 161. 

The continuous medium folding machine 80 
is also provided with a sensor 155 for detecting the 
5 level of the stacker table 68 and a sensor circuit 
156. 

Also, as shown in Fig. 4, the continuous 
medium folding machine 80 is provided with a control 
circuit 170, motor drive circuits 171 to 175 and 
10 sensor circuits 176 to 179. 

In order to operate the continuous medium 
folding machine 80, the control circuit 170 
determines the timings based on information from the 
sensor circuits 176 to 179 and the motor drive 
15 circuits 171 to 175 are actuated to operate the 

continuous medium folding machine 80. The control 
circuit 170 is a microcomputer. 

Figs. 15 to 18 are diagrams showing parts 
of the flowchart of an operation of the control 
2 0 circuit 170. 

When a print start signal is input, the 
control circuit 170 operates as follows. 

Firstly, it is determined whether the sub- 
arm 110 is at its home position POO (STl) . Then, 

2 5 taking home position as the reference, the pulse 

motor 123 is driven for a predetermined number of 
steps according to the thickness and width of the 
continuous medium, so as to move the sub-arm 110 to 
the initial position P02 (ST2) . See Figs. 13C and 
30 13D, time period between time tl and t3 . 

Then, it is determined whether the swing 
arm 31 is at its home position PO (ST3) . Taking 
home position as the reference, the pulse motor 103 
is driven for a predetermined number of steps 

3 5 according to a factor such as the folding length of 

the continuous medium, so as to move the sub- arm 31 
to the initial position PI (ST4) . See Figs. 13A and 



13B, time period between time tO and t3. 

Then, it is determined whether the sub-arm 
110 has moved to the initial position P02 (ST5, see 
Figs. 13C and 13D, at time t3) . Then, it is 
5 determined whether the flaps 131 and 141 are at home 
positions POOO, POOOO, respectively (ST7) . 

At this stage, the continuous medium 
folding device 80 is in a state shown in Fig. 14A, 

Then, the sub-arm 110 is moved towards the 
10 retracting direction (ST8) . The swing arm 31 starts 
a swing operation in the A2-direction (ST8, ST9, see 
Figs. 13A to 13D, time period between time tS and 
t4) . 

Then, it is determined whether the sub-arm 
15 110 under its extracting operation has reached to 

its home position POO (STIO) . If the result of STIO 
is YES, the time t5 is recorded (STll) . See Figs. 
IOC and lOD, time t5 . 

It is determined whether the swing arm 31 
2 0 has reached to its home position PO {ST12) . If the 
result of ST12 is YES, the time t6 is recorded 
(ST13) . See Figs. 13A and 13B, time t6. 

At this stage, the continuous medium 
folding device 80 is in a state shown in Fig. 14B. 

2 5 After a predetermined time Txl has elapsed 

after time t6 at which the swing arm 31 has reached 
to its home position PO, the operation of the 
continuous medium fold line pressing mechanism 130 
is initiated (ST14) . 
30 Then, it is determined whether (t6-t5> =Tc 

has a value less than or equal to a predetermined 
value Tx2 (ST15) . 

If (te-tS) =Tc has a value less than or 
equal to a predetermined value Tx2, it is determined 

3 5 whether the sub-arm 110 under extension operation 

has reached to its home position POO again (ST16) . 
If the result of ST16 is YES, the time t7 is 
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recorded (ST17) . See Figs. 13C and 13D, time t7 . 

Then, it is determined whether (t7-t6) =Td 
has a value less than or equal to a predetermined 
value Tx3 (ST18) . If the result of ST18 is YES, it 
5 is determined whether (t7-t6) =Td has a value less 
than or equal to a predetermined value Tx4 (ST19) . 

If (t7-t5) =Tb has a value less than or 
equal to a predetermined value Tx4, it is determined 
whether the sub-arm 110 under retraction operation 
10 has reached to its home position POO again (ST20) . 
If the result of ST20 is YES, the time t8 is 
recorded (ST21) . See Figs. 13C and 13D, time tS . 

At this stage, the continuous medium 
folding device 80 is in a state shown in Fig, 14C. 
15 Then, it is determined whether the swing 

arm 31 under its swinging operation in the Al- 
direction has reached to its home position PO (ST22) . 
If the result of ST22 is YES, the time t9 is 
recorded (ST23) . See Figs. 13A and 13B, time t9. 
2 0 Then, it is determined whether {t9-t8) = 

Tel has a value less than or equal to a 
predetermined value Tx2 (ST24) . 

If (t9-t8) =Tcl has a value less than or 
equal to a predetermined value Tx2 , it is determined 

2 5 whether (t9-t6) =Ta has a value less than or equal 

to a predetermined value Tx5 (ST25) . 

If {t9-t6) =Ta has a value less than or 
equal to a predetermined value Tx5, it is determined 
whether the sub-arm 110 under extension operation 
30 has reached to its home position POO again (ST26) . 
If the result of ST26 is YES, the time tlO is 
recorded (ST27) . See Figs. 13C and 13D, time tlO. 

At this stage, the continuous medium 
folding device 80 is in a state shown in Fig. 13D. 

3 5 After a predetermined time Txl has elapsed 

after time tlO at which the swing arm 31 has reached 
to its home position PO, the operation of the 
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continuous medium fold line pressing mechanism 140 
is initiated (ST28) . 

Then, it is determined whether (tl0-t9) = 
Tdl has a value less than or equal to a 
predetermined value Tx3 (ST29) , 

If (tl0-t9) =Tdl has a value less than or 
equal to a predetermined value Tx3, it is determined 
whether (tl0-t8) ^Tbl has a value less than or equal 
to a predetermined value Tx4 (ST30) . 

If (tl0-t8) =Tbl has a value less than or 
equal to a predetermined value Tx4, it is determined 
whether the printing has finished. Then, the 
operation returns to STIO shown in Fig. 16. 

Now, an operation relate to a sensor 15 
for measuring the thickness of the continuous medium 
1 shown in Fig. 4 will be described. 

The electrophotographic printer 60 is 
provided with a continuous medium thickness 
measuring sensor 150 for measuring the thickness of 
the loaded continuous medium 1 . In accordance with 
information from the sensor 150, the control circuit 
150 operates and changes the pivoting angle of the 
telescopic operation motor 114. When a thin 
continuous medium 1 is used, the pivoting angle of 
the telescopic operation motor 114 is increased such 
that the distance of extension of the sub-arm 110 
becomes larger than for the continuous medium 1 
having a normal thickness. Accordingly, the 
continuous medium 1 will not be bent as shown in Fig. 
1 and will be properly folded at the transverse 
perforations 4 . 

The continuous medium folding device 80 
shown in Fig. 80 is also provided with a back-up 
capability for preventing an occurrence of jamming 
in case where the continuous medium 1 is bent as 
shown in Fig. 1. 

Now, an operation of preventing an 
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occurrence of jamming will be described - 

Referring to Fig. 4, the switching circuit 
153 switches in response to the swing direction of 
the swing arm 91. When the swing arm 91 swings 
5 through a maximum angle in the Al-direction, the 
sensor circuit 154 is supplied with a signal from 
the distance measuring sensor 152 located on the 
home position PO side. When the swing arm 91 swings 
through a maximum angle in the A2 -direction, the 

10 sensor circuit 154 is supplied with a signal from 
the distance measuring sensor 151 located on the 
home position PO side. That is to say, among the 
distance measuring sensors 151 and 152, the measured 
distance data of the distance measuring sensor 

15 located at the home position PO side with respect to 
the swing arm 91 is utilized. This is because it is 
the distance measuring sensor located on the home 
position PO side with respect to the swing arm 91 
that opposes the bent portion of the continuous 

2 0 medium 1. 

The control circuit 170 compares the 
measured distance data from the sensor circuit 154 
with the predetermined value and determines whether 
there a bent has occurred in the continuous medium 1 . 

2 5 As shown in Fig. 19A, when the continuous 

medium 1 bends as indicated by reference 15, the 
data of the distance SI measured by the distance 
measuring sensor 152 will be smaller than a normal 
case. Thus, the control circuit 170 recognizes that 

3 0 a bend has occurred in the continuous medium 1. 

Then, the control circuit 170 outputs an 
emergency stop signal and the electrophotographic 
printer 60 stops the printing operation. The 
feeding of the continuous medium 1 is stopped and 
3 5 the swing operation of the swing arm 91 is stopped. 
Accordingly, an occurrence of Jamming is prevented. 

Then, as shown in Fig. 19B, the swing arm 
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91 is moved to its home position PO. The flap 131 
is moved to its home position POOO and the flap 141 
is moved to its home position POOOO. 

Then, as shovm in Fig. 4, the stacker 
5 table elevating mechanism 160 is activated by the 
motor 161. As shown in Fig. 19C, the stacker table 
68 is descended for a predetermined distance k and 
then the stacker table 68 is ascended to an original 
position as shown in Fig. 19D. 

10 When the stacker table 68 is descended, 

the continuous medium 1 moves downwards and the bent 
part is stretched out and the portion of the 
continuous medium 1 bent by its own stiffness is 
straightened. The continuous medium 1 will be 

15 folded in a wedge-like manner at the transversal 
perforations 14 as shown by reference 17 and 
therefore the bending is restored. During an 
ascending procedure of the stacker table 68, the 
continuous medium 1 will not be bent. 

2 0 Then, as shown in Fig. 19E, the swing arm 

91 returns to a previously stopped position and the 
distance measuring sensor 152 measures the distance 
S2 to the continuous medium 1. If the control 
circuit 170 determines that there is no bend in the 

2 5 continuous medium 1, the electrophotographic printer 

60 restarts the printing operation. 

The control circuit 170 operates in a 
manner shown by the flowchart of Fig. 20. 

During the printing operation, it is 

3 0 determined whether the data of distance Si takes an 

abnormal value or not (ST40, ST41 and ST42) . 

If the data of distance SI takes a normal 
value, an emergency stop signal is output and the 
printing operation of the electrophotographic 
35 printer is stopped (ST43) . 

Then, the swing arm 91 is moved to home 
position PO (ST44) and the flaps 131, 141 are moved 
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to home positions POOO, POOOO, respectively (ST45) . 

Then, the stacker table 68 is descended 
(ST46) and the stacker table 68 is ascended to the 
original position (ST47) , 
5 Then, the swing arm 91 is returned to the 

previously stopped position (ST48) . 

Then, it is determined whether distance S2 
takes an abnormal value or not (ST49) . If it takes 
a normal value, the printing operation is restarted 
10 (ST40) . If it takes an abnormal value, a warning is 
produced (ST50) . 

It is to be noted that the above-described 
mechanism for preventing an occurrence of jamming 
may also be applied for a case where the swing arm 
15 does not extend or retract, and has a similar effect. 
Also, the above-described continuous 
medium folding device 80 may find an application at 
a sheet-processing company for folding continuous 
medium used as a printing sheet with perforations , 
2 0 In the following, a further embodiment of 

the present invention will be described. 

The further embodiment of the present 
invention will be described in detail for its 
individual mechanism. 

2 5 Fig. 21 is a diagram showing a first 

variant of the continuous medium swaying mechanism 
9 OA. The continuous medium swaying mechanism 9 OA 
includes a main body 2 00 fixed to a stacker part of 
an electrophotographic printer and also includes a 

3 0 shaft 201 which pivots in a reciprocating manner. 

An arm main body 202 and a gear 203 are fixed on the 
shaft 201. Sub-arms 204 and 205 are made of a 
flexible material such as a mylar sheet. The sub- 
arms 204 and 205 are fitted to guiding parts 206 and 
3 5 207 provided outside the arm main body 202 and are 
fixed at ends of racks 208 and 209. The racks 208 
and 209 are supported by guiding parts 210 and 21 on 
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the main body 200 and also engages a pinion gear 212 
on the main body 200. An intermediate gear 213 is 
provided between the gear 203 and the pinion gear 
212. 

5 The pulse motor 215 drives the shaft 201 

and the arm main body 202 swings in the A1-A2 
direction. The rotation of the gear 203 is 
transferred to the pinion gear 212 via the 
intermediate gear 213 and the racks 208, 209 are 
10 driven in a mutually opposite directions. As shown 
in Fig. 22 A, when the arm main body 202 swings in 
"^3 the Al-direction, the sub-arm 204 on the XI side 

protrudes and supports the continuous medium. As 
S shown in Fig. 22B, when the arm main body 202 swings 

^ 15 in the A2-direction, the sub-arm 205 on the X2 side 

Q protrudes and supports the continuous medium. 

The continuous medium swaying mechanism 
9 OA does not have a dedicated motor for moving the 
iU; sub-arms 204 and 205, but suffices with a single 

2 0 pulse motor. Since there is no motor for moving the 
g sub-arms 204 and 205, an amount of extension of the 

sub-arm 204 and 205 cannot be controlled. However, 
there is no inconvenience since the sub-arms 204, 
205 are made of a mylar sheet and will deform 

2 5 accordingly if the extended size is too large. 

Fig. 23 is a diagram showing a second 
variant of the continuous medium swaying mechanism 
9 OB. The continuous medium swaying mechanism 9 OB 
includes an arm main body 220, sub-arms 221, 222, a 

3 0 pulse motor 223 and two linearly driven actuators 

224, 225. The sub-arms 221, 222 are slidably 
supported in the Z1-Z2 direction on the outer side 
of the arm main body 220 and is biased in a 
direction extending outwardly from the arm main body 
35 220 (Z2-direction) by compression coil springs 226, 
227. A wire 227 is provided between the actuator 
224 and the sub-arm 221 and a wire 228 is provided 
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between the actuator 225 and the sub-arm 222. Both 
wires 227, 228 are guided by a pulley 229 and are 
under tension. 

By means of the pulse motor 223, the arm 
5 main body 220 swings with the sub-arms 221, 222 
about the shaft 230 in the A1-A2 direction. 

As shown in Fig. 24A, when the arm main 
body 220 swings in the Al-direction, the actuator 
224 operates in a protruding manner and the sub-arm 
10 221 on the XI side protrudes and extends due to a 

spring force exerted by the compression coil spring 
226. As shown in Fig. 24B, the arm main body 220 is 
swings in the A2-direction, the actuator 225 in a 
protruding manner and the sub-arm 222 on the X2 side 
15 protrudes and extends due to a spring force exerted 
by the compression coil spring 227 . 

Now, a variant of a process of detecting 
folding error of the continuous medium will be 
described. According to the present embodiment, as 
2 0 shown in Fig. 25B, a curl of the continuous medium 1 
which is indicated by reference 18 is detected at an 
early stage. When a curl is detected, the 
electrophotographic printer 60 is stopped. 

The distance measuring sensor 152 measures 

2 5 distance SI between the arm 91 at home position PO 

and the top surface 6 of the folded stacked 
continuous medium 5 on the stacker table 68 and 
distance Sll between the arm 91 at position PI which 
has oscillated through a maximum angle and the top 

3 0 surface of the continuous medium. 

The control circuit 170 of Fig. 4 
calculates (Sll-SlO) and compares thus obtained 
difference with a predetermined value Q. If the 
difference is greater than the value Q, it is 
35 determined as a normal operation and if the 
difference is less than the value Q, it is 
determined as an erroneous operation. 



-26- 



In a state where no curl has occurred, as 
show in Fig. 25A, (Sll-SlO) is determined to be 
greater than the value Q. Therefore, it is 
determined as a normal operation and printing is 
5 continued. 

If a curl 18 is produced as shown in Fig. 
25B, the distance SIX becomes shorter and (Sll-SlO) 
becomes smaller than the value Q. Accordingly, the 
control circuit 170 determines it as an erroneous 
10 operation, produces a stop signal and the 

electrophotographic printer 60 immediately stops the 
printing operation. 

Figs. 26A to 26E are diagrams showing an 
operation of preventing an occurrence of jamming in 
15 a variant of a jamming occurrence preventing device. 
The operation differs from the operation illustrated 
in Figs. 19A to 19E in that the portions shown in 
Figs. 26C and 26D are different. 

As shown in Fig. 26A, if there is a bend 
2 0 in the continuous medium 1, the electrophotographic 
printer 60 stops the printing operation. Then, as 
shown in Fig. 26B, the swing arm 91 and the flaps 
131, 141 are moved to home positions. 

Then, the continuous medium feeding device 

2 5 250 operates such that the continuous medium 1 is 

moved backwards over a predetermined length in the 
El-direction as shown in Fig. 26C. Then, as shown 
in Fig. 26D, the continuous medium 1 is moved 
forwards in the E2 direction over a distance 

3 0 corresponding to the distance moved through by the 

backward movement. 

Since the continuous medium 1 is moved 
backwards, the bent part is stretched out as shown 
in Fig. 26C. Thus, the portion of the continuous 
3 5 medium 1 bent by its own stiffness is straightened. 
The continuous medium 1 will be folded in a wedge- 
like manner at the transversal perforations 14 as 
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shown by reference 17 and therefore the bending is 
restored. During a step of forwardly moving the 
continuous medium 1, the continuous medium 1 will 
not be bent. 

5 Then, as shown in Fig. 26E, the swing arm 

91 is returned to the previously stopped position. 
In this state, when there is no bend in the 
continuous medium 1, the electrophotographic printer 
60 restarts the printing operation. 

10 The control circuit 170 operates as shown 

in Fig. 27. The flowchart of Fig. 27 is similar to 
the flowchart of Fig. 20 except it has ST60 and ST61 
instead of ST46 and ST47 in Fig. 20. Therefore, the 
flowchart of Fig. 27 will not be explained in detail. 

15 In ST60, the continuous medium is moved 

backwards through a predetermined length. In ST61, 
the continuous medium is moved forward through a 
length corresponding to a length moved by a forward 
movement . 

2 0 Further, the present invention is not 

limited to these embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention. 

The present application is based on 

2 5 Japanese priority application No. 2001-249119 filed 
on August 20, 2 001, the entire contents of which are 
hereby incorporated by reference. 



